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Abstract 
The main task in treating the wastewater in South Africa is to reduce the pollutants (solids, organic matter, 
nutrients, and micro-organisms) to meet the standard requirements from Department of Water and Sanitation 
(DWS). That means the discharged effluent should be without polluting the environment and posing safety risks. 
The objective of this study was to investigate the performance of the Trichardt Wastewater Treatment Plant 
(South Africa) and come up with recommendations for the improvement of the wastewater treatment plant. The 
performance of the plant was evaluated for its compliance with the standard set by the DWS. The water quality 
parameters tested include: Ammonia (NH3), Nitrate (NO3-), Phosphate (PO4-3), Chemical Oxygen Demands 
(COD), Turbidity (T) and Total Suspended Solids (TSS). The result indicates that the concentration of most of 
the considered parameters (TSS, NH4, COD, PO4-3) are above the permissible limit set by DWS throughout the 
year, except Nitrate. The operating flowrate is below the design capacity (1.8 m3/s) throughout the year, except 
September. Overall, the final effluent discharged to the stream do not comply with the standard set by DWS. 
Thus, measures for the improvement of the treatment plants’ performance are highly recommended. The increase 
of the hydraulic loading capacity and the use appropriate methods of treatment process such as biological 
nitrification-denitrification processes are suggested. The increase of retention time to 3 hrs and decrease of the 
screen openings to 12 mm are also highly recommended. 
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1.  Introduction 
Wastewater basically includes the water supplied by communities after being utilized in various ways 
(showering, bathing, washing dishes and clothes, and using toilet) that deem or make it become 
incongruous for use before treatment chobanoglous et al., 2003; Metcalf and Eddy, 2014). It has various 
levels of pollutants depending upon the type of wastewater (black water, organic waste, grey water and 
rainwater). Wastewater in a form of sewage (black water) has an offensive odour, customarily due to 
hydrogen sulphide Riffat, 2013. Wastewater contains microorganisms (pathogenic bacteria, virus and 
worms that live in human intestines) and nutrients (phosphorus, nitrogen, ammonium etc) which are 
growth stimuli to aquatic flora. For these rationales, there is a need for treatment to safeguard the 
environment and public health. From the 1900s to early 1970s, the primary concern was: (i) the removal 
of suspended solids and floatable material, (ii) removal of pathogenic organisms, and (iii) treating the 
biodegradable organics. Since 1980 the focus also went to the removal of constituents that can be 
harmful to public health and environment chobanoglous et al., 2003; Riffat, 2013. South African 
National Standard (SANS 241) (SANS, 2011) and National Water Act (NWA) No 36 (NWA, 2008) are 
the standards set by Department of Water and Sanitation (DWS) for discharging wastewater in South 
Africa (Parr et al., 2000).  
Trichardt Wastewater Treatment Plant (TWWT) is a treatment plant at Goven Mbeki municipality 
in Mpumalanga, South Africa. The plant receives both domestic and industrial (engineering workshops, 
hospitals and dry cleaners) wastewater. The primary objective of treatment plant is to lessen/remove the 
pollutants that can cause harm to the environment and health such as suspended solids, organic matter, 
nutrients, chemicals and microorganisms (Parker et al., 2008). The plant was designed long time ago 
(1977) and had been upgraded in the year 2000. The performance of the plant is expected to deteriorate 
over-time. Moreover, the effluent is discharged to river and thus might pose threat to the health and 
 2
environment. It is vitally important to carry out the evaluation to improve the performance of the plant, 
to ascertain good quality water at the end of the treatment. Thus, the performance assessment of such 
plant plays a great role for protecting the health and environment. It also provides valuable information 
for decision making process in the area. The objective of this research is to investigate the compliance 
of the wastewater treatment plant with the standard from the DWS and make recommendations for its 
improvement. In other words, the study address whether the plant is accommodating all the incoming 
effluent coping with the population growth and at the same time satisfying the environmental 
performance standards of SA (SANS241). Similar studies have been done elsewhere in the world:  
Egypt (Hegazy and Gawad, 2016) and Jordan (Kumar et al., 2010). 
2.  Materials and Methods 
The assessment is focused on Trichardt Wastewater Treatment Plant, which is a treatment plant at 
Goven Mbeki municipality in Mpumalanga province, South Africa. Trichardt Wastewater Treatment 
Works is located outside Trichardt Township (Latitude-26° 28' 31.44"S, Longitude-29°13'32.95"E). 
This plant receives both domestic and industrial (engineering workshops, hospitals and dry cleaners) 
effluents and treat it before discharging it to a river. The Treatment Plant is made up of two sections, 
Biological Filtration plant and the Ponds System, equipped with 2 primary settling tanks each with 
estimated capacities of 1ML/day. The flow from the biofilter is divided into 2 streams of which about 
85% flows through to the clarifier and the rest flows to the aerated ponds. From the aerated pond the 
water flows through maturation ponds and meet with the 85% of the total volume from the clarifier on 
the last maturation pond. 
The monthly effluent flowrates were measured for nine months (Feb-Sept 2016) using portable flow 
meters and compared with the design hydraulic flow capacity (1.8 m3/s). Moreover, representative 
wastewater samples were carefully taken from the treated water just before the discharge into the stream 
using labelled bottles. Wastewater samples were collected in July 2016 and immediately taken to 
laboratory for analysis. The water were then analysed for certain quality variables: ammonia (NH3), 
nitrate (NO3-), phosphate (PO4-3), Chemical Oxygen Demand (COD), Turbidity (T) and Total 
Suspended Solids (TSS). Water sampling and analysis were done as per the standard guidelines (APHA, 
2005). Ammonia and Nitrate were measured using spectrophotometer; phosphate using ion 
chromatography; Turbidity using turbidimeter and TSS using filtration method. COD concentration was 
measured using the closed reflux method (Al-Zboon and Al-Ananzeh, 2008). The interpretation of the 
water quality was done as per the DWS standards for discharging wastewater in South Africa (SANS 
241 and National Water Act No 36) (Parr et al., 2008; SANS, 2011; NWA, 2008). 
 
3.  Results and Discussion 
3.1.  Hydraulic Flow of Effluents 
Figure 1 presents the operating flowrate of the effluents compared with the hydraulic design capacity. 
It can be seen from the figure that the treatment plant is operating at hydraulic flow less than the design 
capacity throughout the measured period. On average, the operating effluent flowrate is about 75% of 
the design flow capacity. In the month of September, the plant is operating almost at its design capacity 
and the plant is expected to be overloaded. This indicates that the plant is not operating comfortably 
within the design operating conditions and will result in the physical, biological and chemical reactions 
being affected as the plant will be overloaded. Consequently, the effectiveness of wastewater treatment 






 Figure 1. The hydraulic flow rate: design vs actual 
 
3.2.  Effluent Quality 
Table 1 presents the range and average measured values of the considered quality parameters compared 
with SANS limit. The plant has not been compliant with SANS limits for most of the considered 
parameters. The plant is not compliance with suspended solids in most months and compliance is only 
in February and September 2016. Primary settling tanks are designed to remove 50-70% of suspended 
solids and 25-40% of Biochemical Oxygen Demand (BOD). The removed BOD is associated with the 
organic fraction of the suspended solids. Sedimentation usually occurs by gravity when the velocity of 
the wastewater is reduced below a point at which it can convey the suspended solids (Tempelton and 
Butler, 2011). As expected based on the operating effluent discharge, the requirements are not met due 
to the fact that the low operating discharge affects the various treatment processes such as separation, 
settlement and sedimentation. The bulking of sludge is also a contributing factor. The variation between 
operating and designed values can cause unexpected deterioration in plants performance (NWA, 2008). 
Moreover, the screens opening is15 mm size and there are some screenings that go through instead of 
only grit, thus the aperture is consider large. 
 
(a) Chemical Oxygen Deman (COD) 
The COD removal efficiency of the treatment plant during the study period is illustrated in Figure 
2a. The COD value is above the permissible SANS limit in all months, except September. The plant’s 
insufficient capacity to reduce COD is due to the effluent from Industries and overloading of the plant. 
COD is highly converted to methane (valuable fuel) during anaerobic treatment. Very little COD is 
converted to sludge. Nevertheless it depends on stable preconditions as i.e. temperature to make the 
process stable. 
 
Table 1. Selected water quality variables compared to the SANS limit 




1 Suspended solids (total) TSS 25 mg/L 16-88 38.4 
2 Ammonia NH3 10 mg/L 6.5-18.9 11.6 
3 Nitrate NO3- 10 mg/L 0.2-0.6 0.4 
4 Turbidity T 4 NTU 2.1-6.4 4.5 
5 Phosphates PO4-3 10 mg/L 1.6 -14 10.6 
6 Chemical Oxygen Demand COD 75 mg/L 60-238 150.3 
SANS – South African National Standard 
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  Figure 2. Measured monthly COD values compared to SANS limit 
 
 
(b) Ammonia (NH3) and Nitrate (NO3) 
Nitrate content is well below the SANS 241 standard limit (10 mg/L) throughout the year. It is below 
1 mg/l in all the months considered. The ammonia concentration is not complying with the limits set by 
the DWS. Ammonia content exceeded the SANS limit, except July, August and September (Figure 3). 
The ammonia concentration is not complying with the SANS standard throughout the duration of the 
investigation apart from the last three months (July, August and September). In the bio-filtration there 
is nitrification-denitrification process that happen, where ammonia is converted into nitrates, then 
nitrates converted into nitrogen gas that is released to the atmosphere. Autotrophic and heterotrophic 
bacteria facilitates these reactions. The high ammonia concentration suggests that the bacteria did not 
convert most of the ammonia to nitrogen gas (Haas et al., 1999; Riffat, 2013). The high concentration 
of NH4 and COD is indicator of the presence of high BOD in the effluent, which in turn indicates the 
presence of micro-organisms in the reactors resulting in low solid settlement (low TSS). The result 
obtained in this study (Table 1) also confirms this argument. Hence, some solids and micro-organisms 
will be carried from reactors towards the outlet at the discharge site.  
 Figure 3. Measured monthly NH3 compared to SANS limit 
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(c) Phosphates (PO4-3) 
The plant is not capable of removing phosphate below the limits set by the DWS. Phosphate is above 
the limit in most of the months considered, except February, March and April (Figure 4). Phosphorous 
which in water is found as phosphate is a serious concern in water management. Phosphorous promotes 
the growth of aquatic flora and algae thus it is of paramount importance to remove it to control 
eutrophication (van Sperling, 2007). Aquatic plants will consume most of the dissolved oxygen and 
oxygen from the atmosphere thus resulting in aquatic lives being killed (Haas et al., 1999). 
Eutrophication also decreases the water quality thus drastically increasing the costs of water treatment 
at the treatment plant for the surface water.  
  
Figure 4. Measured monthly NH3 compared to SANS limit 
 
3.3.  General Discussion 
This study result indicates that the performance of the treatment plant does not meet the required SANS 
standards both for effluent discharge and effluent quality. The primary objective of wastewater 
treatment is to remove the 0.1% of solids in wastewater without causing harm to the environment and 
health risks to the public. The types of wastewater being disposed into the Trichardt Wastewater 
Treatment Plant comprise of domestic, industrial and stormwater, though its design was only for 
domestic wastewater.  This condition might be one of the contributing factor for the low performance 
of the treatment plant. The other contributing factors could be the large screen opening, low retention 
time, lack of maintenance, etc. The screens opening (15mm) is very large and hence a 12mm is 
recommended. The grit channel was found in good condition, sluice gates are also there to stop the flow 
when the grit has to be removed. Removal of grit is of paramount importance to prevent clogging, 
abrasion and wear of mechanical equipment. Also the prevention of grit deposition in the pipes and 
accumulation in aerators and anaerobic digesters. After the grit channel there are two rectangular 
Primary Settlement/Sedimentation Tanks (PST), of which one can be shut down from service for 
proactive and reactive maintenance without affecting the settlement process. A proper designed PST 
can remove up to 40% of the BOD in the form of settleable solids. The flow overload are causing the 
high rate of suspended solids being conveyed to the bio-filters, as the gravitational settlement is affected 
and bulking of sludge. It thus recommended that the retention time be increased from 2 to 3hrs during 
periods of overloading, to allow the sludge to settle. Also the authors would like to recommend the use 
of appropriate waste water treatment methods. For instance, biological nitrification-denitrification is the 
most commonly used method to remove nitrogen and phosphorous in the biological treatment processes. 
For nitrification presence of oxygen (aerobic zone) is needed and an anaerobic zone (absence of oxygen) 
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for denitrification. The recirculation pump was found to have been down for month, which in turn 
affected the latter processes.  
The ammonia concentration is high due to certain unit (like PST and clarifier) not being run optimally 
to obtain good effluent quality, maintenance of the bio-filter and the pond system unit has been the 
challenge as well. The COD in wastewater was high throughout the study period, except September. 
The plant’s insufficient capacity to reduce COD is due to the nature of effluent from industries and 
overloading of the plant. Corrective actions and follow-up sampling are extremely important to check 
for any determinant factors that exceeds the recommended SANS limits.  
 
4.  Conclusion and Recommendation  
This study result indicates that the operating effluent discharge is about 75% of the design capacity of 
the plant. This indicates that the plant is not operating comfortably within the design operating 
conditions. Moreover, most of the considered quality indicators (TSS, NH4, COD, PO4-3) are above the 
recommended standard (except NO3-) throughout the study periods considered. A non-compliant 
effluent decreases the water quality thus drastically increasing the costs of water treatment at the 
treatment plant. This condition may lead to water boards or municipality or DWS putting in money to 
the water treatment, which in turn may affect consumers directly or indirectly. Thus, it is necessary to 
take corrective actions that can improve the performance of treatment plant. Based on the study results, the 
authors would like to recommend the following actions: proper design of PST, increase of the hydraulic 
loading capacity, increasing the retention time to 3 hrs, decreasing the screen opening to 12 mm, 
frequent removal of grit particles, prevention of grit deposition in pipes, aerator and anaerobic digesters, 
proper maintenance of the bio-filters and pond systems, use of appropriate waste water treatment 
(biological nitrification-denitrification) methods, and the none routine follow-up sampling for any acute 
health determinant that exceeds the numerical limits stipulated on the SANS 241. A resolution to the 
deviation should then be solved in the shortest possible time. Increased frequency of sampling should 
continue until all the parameters are compliant to safeguard the environment as well the human and 
aquatic lives.  
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